Abstract. In the last years disturbances in VLF/LF radio signals related to seismic activity have been presented. The radio data were collected by receivers located on the ground or on satellites. The ground-based research implies systematic data collection by a network of receivers. Since 2000 the "Pacific VLF network", conducted by Japanese researchers, has been in operation. During 2008 a radio receiver was developed by the Italian factory Elettronika (Palo del Colle, Bari). The receiver is equipment working in VLF and LF bands. It can monitor 10 frequencies distributed in these bands and, for each of them, it saves the power level. At the beginning of 2009, five receivers were made for the realization of the "European VLF/LF Network"; two were planned for Italy and one for Greece, Turkey and Romania, respectively. In 2010 the network was enlarged to include a new receiver installed in Portugal. In this work, first the receiver and its setting up in the different places are described. Then, several disturbances in the radio signals related to the transmitters, receivers, meteorological/geomagnetic conditions are presented and described.
Introduction
Processes that occur during the preparation phase of a forthcoming earthquake, such as gas and ionized particles emission from the Earth's surface, fluctuations in the groundwater level, changes in the electrical resistivity of the ground, give rise to phenomena such as micro-variations in the Earth's gravity, electromagnetic emissions and changes in the refractive index of the troposphere. According to the most recent and convincing models (Mareev et al., 2002; Molchanov, 2004) , these phenomena determine a particular lithosphereionosphere coupling and cause variation of the medium in which radio signals propagate, affecting especially radio propagation in the VLF (15-60 kHz) and LF (150-300 kHz) bands. The VLF radio signals are used for time signal, navigation and military purposes and they propagate using the Earth-ionosphere channel as a waveguide. The LF radio signals are used in long-wave broadcasting and are characterized by a ground-wave and a sky-wave propagation mode. The first generates a stable signal that propagates in the channel Earth-troposphere; the second generates a signal which varies greatly between day and night, summer and winter, and which propagates using the lower ionosphere as a reflector. In any case, the electric field strength (intensity) of the VLF and LF radio signals is high at nighttime and low at daytime. During the last few years, disturbances in VLF/LF radio signals related to seismic activity have been presented (Biagi et al., 2001a, b; Biagi and Hayakawa, 2002; Biagi et al., 2004 Biagi et al., , 2005 Biagi et al., , 2006 Biagi et al., , 2007 Gufeld et al., 1992; Hayakawa and Sato, 1994; Hayakawa et al., 1996 Hayakawa et al., , 2006 Molchanov and Hayakawa, 1998; Rozhnoi et al., 2005 Rozhnoi et al., , 2006a . The radio data were collected by receivers located on the ground. Recently, some possible seismic disturbances revealed by VLF radio signals collected on board the French DEMETER satellite were presented by Molchanov et al. (2006) and Rozhnoi et al. (2007) .
Ground-based research is carried out by means of receivers able to sample some parameters of the radio signals as intensity and phase with a rate of few seconds or minutes. Here, the setting up of a new network installed in Europe at the beginning of 2009 is described. Several disturbances pointed out during the first running period are presented and discussed.
Radio receivers and networks
Since 2000 Japanese researchers have been relying on the existence of a VLF radio network (Pacific network) of seven receivers able to measure the intensity and the phase of VLF radio signals from two different transmitters (Fig. 1a) . The receivers are the Japanese OmniPal model (Dowden and Adams, 1989) and are connected to a computer through a digital card and use a GPS sensor and a rectilinear antenna for the signal's registration (Fig. 1b) .
On February 2002, within the framework of a scientific cooperation among Japanese, Russian and Italian teams, an OmniPal receiver, labelled IT-Ba, was put into operation in the Department of Physics of the University of Bari (south Italy, Fig. 2 ), giving input to the development of a European network. On the basis of the best reception at the receiver and, taking into account the most convenient radio paths in relation to the seismic activity, the following transmitters were selected: GBZ, ICV, DHO, NRK and ITS (Table 1) . Their locations are shown in Fig. 2 and some of their peculiarities are reported in Table 2 . The sampling rate used is Colle, Bari) . The new receiver can work both in the VLF and the LF band. It can monitor a total of 10 frequencies distributed in these bands and, for each of them, it saves the power level detected on a big nonvolatile memory at a selectable sample time interval. The power level is expressed in dB m as dB m = 20log(V mVpp ). For simplicity, in the different figures of this paper showing data collected with this receiver, the dB m indication on the y-axis is not reported.
The receiver has two standard XLR antenna connectors, one for each band, with four poles. On the same connector there is the differential input signal from the antenna and the dual power supply voltage for the preamplifier that is located near the antenna. Its aim is to convert the high impedance of the low-frequency antennas to a low impedance to drive the cable and to amplify the captured signal level introducing very low noise. The two antennae, made of brass, are rectilinear, long 1.5 m (LF band) and 2.0 m (VLF band), respectively. The huge amount of data collected is organized in text files, one for each day. The configuration of the equipment, the check of its status and the download of the collected data are made possible using resident software with a Web-based Graphical User Interface and of an HTTP server. Data transfer and management is also possible through a resident FTP server. Then, either local or remote TCP/IP connectivity with the instrument and above-mentioned software is allowed by means of a standard Ethernet interface and of a GSM modem (configured for data calls), both mounted in the chassis of the receiver. The equipment is represented on the home page of the INFREP (International Network for Frontier Research on Earthquake Precursors) web site (http://beta.fisica.uniba.it/infrep/).
It should be mentioned that the receiver was designed for easy interactivity and communication. Thanks to the facility of remote and furthermore "web-ready" data management, the set up of a network of such receivers, located on strategic sites (from a seismic point of view), was straightforward. In fact, at the beginning of 2009 five receivers were prepared, two for Italy and one for Greece, Turkey and Romania, respectively, and the setting-up started. In 2010 another Elettronika receiver was installed in Portugal.
At the moment all data from the various sites are collected on a weekly basis in the Department of Physics in Bari and are processed for suitable analysis.
However, in order to find the best reception, several actions were made in the different places, as is described in the next section. The receivers are labelled IT-An and ITTc (Italy), GRE (Greece), TUR (Turkey), ROM (Romania), POR (Portugal) and their actual locations are shown in Fig. 2 . A sampling rate of 1 min was set for all receivers. Table 2 .
Some peculiarities of the VLF and LF transmitters, the signal of which is sampled by the various receivers (as specified in next section), are reported in Table 2 . Their locations are shown in Fig. 2 .
Setting up the Elettronika receivers
The setting up of the first five receivers was carried out from March to July 2009. The setting up of the receiver in Portugal is still in progress. The main effort was: (a) the sampling of the same radio signals by different receivers; (b) the reception with a low noise level; (c) the reliability of the on-line connection. Sometimes in order to realize the items (b) and (c), it has not been possible to respect the statement (a). The situation at each site is described in the following.
-IT-An: At the beginning the receiver was installed near the mouth of the Amare cave that is situated on the southern slope of the Gran Sasso mountain chain, at a distance of 10 km from L'Aquila city (central Italy). Since 1985, in order to investigate possible earthquake precursors, some of the authors have installed a receiver in the same place, powered by a battery connected to a solar panel, able to measure the intensity of three LF radio signals and the Electronika equipment was planned to substitute for this one. The main problem of the new receiver in this site is its power consumption, which is quite high (20 W), and the difficulty of the online connection (low mobile phone field). After different attempts, the decision was made to move the receiver to another site; a country house in a small village located at a distance of about 20 km west of the previous one was available and here the receiver was put into operation. The location of the site is shown in Fig. 2 and the list of the radio signals actually sampled is reported in Table 1 .
-IT-Tc: At the beginning the receiver was installed in Bari (Department of Physics of the University) with the purpose of substituting for the OmniPal receiver in operation here. Unfortunately, the reception of the LF signals (not sampled by the OmniPal receiver) appeared extremely disturbed because of a high noise level. The situation is shown in Fig. 3a where it is evident that acceptable reception exists only at the weekends. Due to the fact that the reception of the VLF signals is good in this place, the decision was to leave the Omnipal receiver for VLF signals sampling here and to move the Elettronika receiver to another place. A house in a village (Torre Canne), located south of Bari city at about 80 km, was available and the receiver was put into operation here. The location of this site is shown in Fig. 2 . Here, a good reception of the LF radio signals exists as Figure 3b shows. The radio signals actually sampled in this place are indicated in Table 1 .
-GR: The receiver was put into operation in the building of the School of Art in the University of Thessaloniki. Some frequencies were changed in order to have better reception and radio paths crossing more seismic zones. The radio signals actually sampled in this place are indicated in Table 1 and the location of the site is shown in Fig. 2. -TUR: At the beginning the receiver was put into operation in Sivas city (Cumhuriyet University). A high noise level both for VLF signals and for LF signals appeared, as shown in Fig. 4a . Several tests have revealed that the noise was the electrical background of the city, so the decision was made to move the receiver to another "quieter" site. Some tests have indicated the thermal Resadiye zone, in the North Anatolian Fault Zone, located at about 70 km north of Sivas, as a suitable site for good reception of the radio signals. A hotel in this zone was available and here the receiver was put into operation. The excellence of the reception appears in Fig. 4b . The location of the site is shown in Fig. 2 . The list of the signals actually sampled is reported in Table 1 . -ROM: After some tests in Bucharest, the receiver was moved to the Black-Sea shore (Dobruja Seismologic Observatory). The location is indicated in Fig. 2 . Here, at beginning, unsatisfactory data characterized by a high noise-level on both the bands were obtained. The whole receiving chain was verified using a programmable signal generator and other specific lab-testing devices. The results of this check-up revealed that there was no malfunction of the receiver due to damage or something similar. Then, it was noted that the monitored data did not show any diurnal variation of the electric field's intensities at the chosen frequencies. Moreover, the output data indicated a high level of the electric field's intensities at all frequencies, as there was a large spectrum parasitic electric field. This behavior could be generated either by the high-voltage aerial lines surrounding the observatory or by the local specific electric proprieties of the atmosphere, which is salt-saturated. After some tests, the decision was not to the change of the site (because it represents a good place for this research) but the replacement of the rectilinear electric-type antennas with loop magnetic-type ones. These new antennas were planned and realized by the Romanian Team and they are described in detail in Moldovan et al. (2010) . The change has enabled good reception of both the VLF signals and the LF ones, as shown in Fig. 5 . The list of the radio signals actually sampled in this site appears in Table 1 .
-POR: The Elettronika receiver was put into operation in the University ofÉvora.Évora is a city located about 100 km in west direction respect to Lisbon. The location is shown in Fig. 2 . The setting up is still in progress; the radio signals actually sampled are indicated in Table 1 .
Main disturbances of radio data
The research of seismic effects on the radio data is based on the spotting of disturbances. In this framework a fundamental step is the identification of possible disturbances related to causes different than seismicity. The analysis of data collected by the receivers of the network has allowed us to reveal several disturbances of this type. They appear to be related to the transmitter, to the receiver or to meteorological/geomagnetic conditions. Figure 6 shows a drop of about five days in the intensity of the DHO radio signal. The drop appears simultaneously in the data collected by all the receivers in operation at that time (August, 2009) . It is evident that this disturbance is related to some interruption of the normal broadcast of the DHO radio station. Figure 7 shows a change in the trend of the HWU intensity collected by the IT-An, TUR and ROM receivers starting from 5 July 2010. The quality of reception increases strongly at ROM site where a bad signal becomes a good one. A little improvement happens at IT-An site, whereas the reception becomes bad at TUR site where an electronic saturation takes place; in fact the intensity of the signal is lower at nighttime than at daytime, i.e. the situation is opposite to the normal one. The disturbances shown in Fig. 7 are clearly connected with an increase of the power radiated from the HWU transmitter. Similarly, disturbances connected with decrease of the radiated power from some transmitters have been observed and, for example, a good signal recorded in a place can thus become a bad signal. Figure 8 shows a decrease of the intensity of VLF radio signals collected by IT-Tc receiver, starting on 8 January 2010.
Disturbances related to the transmitter

Disturbances related to the receiver
No similar effect appears on the LF radio signals collected by the same receiver; at the same time, the VLF radio signals collected in the other sites of the network do not show the same decrease. A control of the IT-Tc equipment carried out after several days, has revealed a breaking of the VLF antenna, probably due to a gust of wind. After the antenna was repaired, the effect disappeared. Figure 9 shows an increase/disturbance of the intensity of both LF and VLF radio signals collected by the IT-Tc re- Fig. 7 . Trends of the intensity of the HWU (21.75 kHz) radio signal collected by IT-An, TUR and ROM receivers during 1-10 June, 2010. Starting from 5 July, a change in all the trends appears. At ROM the quality of reception increases clearly; a little improvement happens at IT-An, while the reception turns bad at TUR, where the signal becomes saturated. ceiver in the time interval 27-30 July, 2009. Different controls carried out at the site enabled us to discover that the increase/disturbance was produced by a radio amateur operating in a house located near the receiver. Figure 10 shows the trends of the intensity of two LF and two VLF radio signals collected by the IT-Tc receiver in the time interval 9-18 October 2009. In the same figure the air temperature, the air pressure and the rainfall recorded by the meteorological station operating in Bari (Sect. 2) is reported. From the figure a decrease/disturbance of the radio intensities appears on 13-14 October; during those same days the meteorological data reveal an abrupt decrease of air temperature, a large decrease of air pressure and the occurrence of rain. This meteorological situation is related to Bari, but local information indicated that the meteorological situation in Torre Canne, that is the place where the receiver IT-Tc is into operation, was more intense and crucial. So, the possibility that the decrease/disturbance of the radio intensities at IT-Tc is related to the meteorological condition seems realistic. In any case, it must be noted that the radio data at IT-Ba do not reveal any clear effect. Figure 11 shows the trends of the daytime intensity (the range from 09:00 a.m. to 02:00 p.m. (UT) was selected) of RRO, TRT, EU1, MCO radio signals collected by the GR receiver in the time interval 17-23 June 2010. An evident increase of intensity appears on all the trends during June 20. On this day, from the local meteorological data the occurrence of an intense summer storm stands out. Hence, the radio intensity increases pointed out are connected to the electricity produced by lightning. Figure 12 shows the intensity of GBZ, DHO, NRK radio signals collected by the IT-Ba receiver (Omnipal type) in the time interval 1-20 November 2004. In the same figure the geomagnetic indices D st and k p are reported. In the days from 7 to 11 November, disturbances appear on the radio intensities; very clear is the effect on the DHO signal. Simultaneously, the geomagnetic indices reveal a large increase of geomagnetic activity. So, it is very realistic that the disturbances on the radio signals were produced by the geomagnetic condition. 
Disturbances related to meteorological/geomagnetic conditions
Discussion
Meteorological conditions and geomagnetic activity can affect the propagation of VLF/LF radio signals. Particularly, the meteorological conditions produce disturbances in the troposphere refractive index, troposphere electricity (lightning), the relative permittivity and the conductivity of the ground; the geomagnetic activity produces variations in the ionosphere conditions. In the past, some disturbances on the propagation of the VLF/LF radio signals related to these effects have been presented (Kikuchi, 1981; Kleimenova et al., 2004; Biagi et al., 2005; Rozhnoi et al., 2006b ). Mainly, meteorology affects the LF radio signals and the geomagnetic activity the VLF ones. The results presented in Figs. 10-12 confirm this influence. Anyway, if a correlation is claimed between radio disturbances and the meteorological/geomagnetic variations, they must occur simultaneously. So, simultaneity is one of the criteria to individuate these radio disturbances.
Nonetheless, this study has revealed disturbances in radio signals related to variations of the power radiated by the transmitters, to some breaking of the receiver and to some human activity at a receiver site. The LF radio signals seem more disturbed than the VLF ones.
If the effect is related to the transmitter, the disturbance must appear simultaneously in the related signal recorded by the different receivers of the network. The cases shown in Figs. 6 and 7 are evident examples of this effect. So, this type of radio disturbance can be easy identified. It must be noted that a network of several receivers is fundamental for this purpose. In the other two circumstances mentioned above, probably only the simultaneous appearance of the disturbance in all or several VLF and/or LF signals recorded by that receiver will allow the identification of its origin. The Figs. 8 and 9 show examples of these effects.
Conclusions
The study we performed has revealed that a lot of different sources of disturbances must be monitored in order to claim the disturbances in radio signals are related to seismicity. The next step of our research will be the study of the different time series of the radio data using methods of analysis such as the Wavelet, the PCA (Principal Component) and so on, in order to reveal anomalies in the radio signals related to the occurrence of earthquakes. The results of the present study will have a fundamental role in discriminating possible seismic effects from other different sources of disturbances.
